Introduction {#S0001}
============

Osteoarthritis (OA) is a painful degenerative joint disease afflicting millions of people around the world. OA is characterized by inflammation, pain, swelling, physical disability, and changes in cartilage tissues throughout the body, including in the hips and knees. Previous studies have demonstrated that risk factors such as aging,[@CIT0001] joint injury,[@CIT0002] and obesity[@CIT0003] play a vital role in the initiation and development of OA. However, there are no previous therapies that can completely impede the initiation and development of this disease. Advanced glycation end products (AGEs) result from the glycated endproducts of the maillard reaction (MR), which is a non-enzymatic reaction between sugars and proteins.[@CIT0004] AGEs accumulate in cells and tissues through the innate process of non-enzymatic glycation as well as dietary intake. Research has demonstrated that the accumulation of AGEs is an age-related effect that occurs through the binding of AGEs to the receptor for AGEs (RAGE) in human chondrocytes.[@CIT0005] The excessive formation of AGEs in chondrocytes plays a major role in the development of OA. It is well established that AGE stimulation increases the secretion of pro-inflammatory cytokines, such as IL-1β, TNF-α, and IL-8, and upregulates the production of nitric oxide (NO) and prostaglandin E2 (PGE~2~) by modulating the expression of inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2).[@CIT0006]--[@CIT0009] In addition, AGEs promote the activation of p38 as well as the phosphorylation and degradation of IκBα, which leads to the activation of NF-κB signaling pathways, thereby inducing a cascade of pro-inflammatory cytokines and chemokines.[@CIT0010] Furthermore, AGEs enhance the expression of matrix metalloproteinases (MMPs) and a disintegrin and metalloproteinase with thrombospondin motifs (ADAMTS).[@CIT0011] These hydrolytic proteinases have a strong effect on the degradation of the cartilage extracellular matrix (ECM), which is mainly constituted by type Ⅱ collagen and aggrecan. Degradation of the ECM is a primary pathological characteristic of OA. The exploration of a novel agent with fewer side effects has become an important goal for the treatment of OA.

Natural molecules from food sources have been sought to treat OA. Chondroitin sulfate (CS) is an important proteoglycan that acts as a major component of the extracellular matrix in joints. CS isolated from animal cartilage has been shown to have potential treatment efficacy. Pharmacological studies have revealed its capacity to promote the synthesis of cartilage matrix while inhibiting the synthesis of proteolytic enzymes that degrade the cartilage matrix. Purified CS possesses anti-inflammatory effects in primary cultured chondrocytes.[@CIT0012] Oral supplementation of CS has been recommended by the European Society for Clinical and Economic Aspects of Osteoporosis and Osteoarthritis and Musculoskeletal Diseases (ESCEO).[@CIT0013] The biotechnological production of CS has been explored in the cultivation of Escherichia coli strains.[@CIT0014] Hyaluronic acid is another main component of the cartilage ECM. Hyaluronic acid plays a central role in the maintenance of synovial fluid viscosity. Hyaluronic acid gel treatment reduces the production of key inflammatory cytokines including TNF-α, IL-6, and IL-8 in cultured human chondrocytes by suppressing the NF-κB pathway.[@CIT0012],[@CIT0015] Pharmaceutical purified hyaluronic acid products show similar anti-inflammatory effects by countering the expression of TNF-α and IL-6 in human primary chondrocytes.[@CIT0016] Dietary mushrooms are well known for their health benefits. Lentinan, a β-1,3-glucan, is a type of polysaccharide derived from Lentinus edodes.[@CIT0017] Previous research has demonstrated that lentinan exerts important anti-viral, anti-cancer, and anti-inflammatory effects.[@CIT0018]--[@CIT0021] As a biological response modifier (BRM), lentinan actualizes its effects by restoring and enhancing immune system responsiveness to stimulation and other physiologically active factors. These functions indicate that lentinan may have a protective effect on chondrocytes in OA. Although a large number of studies have reported the protective effects of lentinan in various diseases, few of them revealed whether lentinan possesses a beneficial effect on the progression and development of OA. In the present study, we investigated the pharmacological function of lentinan in AGE-challenged human chondrocytes to determine whether lentinan has a protective effect against the inflammatory response in human chondrocytes.

Materials and Methods {#S0002}
=====================

Cell Culture and Treatment {#S0002-S2001}
--------------------------

Lentinan was purchased from Kaifeng Pharmaceutical Co. (Henan, China)[@CIT0022] as powder in a penicillin bottle. Lentinan was dissolved in PBS right before use. The chondrosarcoma SW1353 cells used in all experiments were purchased from ATCC. The cells were cultured in Leibovitz's L-15m medium (ATCC) containing 10% fetal bovine serum. For the AGE treatment experiments, SW1353 cells were seeded into 6-well plates, grown to full confluence, and then exposed to 100 µg/mL AGEs in the presence or absence of 250 and 500 µM lentinan[@CIT0023],[@CIT0024] for 24 hours. To measure the levels of phosphorylated p38 and IκBα, cells underwent the same treatment for 2 hours.

Real-Time Polymerase Chain Reaction (PCR) {#S0002-S2002}
-----------------------------------------

RNA was extracted from 2--4 million SW1353 cells using a commercial RNA MiniPrep Purification Kit (Qiagen). Then, 1 μg RNA was used to synthesize cDNA using an RT-PCR One-step Kit (Bio-Rad, USA). Real-time PCR was performed using the SYBR-based real-time PCR method to measure the mRNA transcripts of the target genes and GAPDH (as a housekeeping control) using the Bio-Rad platform. The expression of each of the target genes was normalized to GAPDH and calculated using the 2^−∆∆\ CT^ method.

Enzyme-Linked Immunosorbent Assay (ELISA) {#S0002-S2003}
-----------------------------------------

Roughly 1 × 10^4^ SW1353 cells were used for ELISA. To measure the protein secretions of the target genes, the supernatants were collected from the culture medium by centrifugation at 1000 rpm for 10 min. Commercial ELISA kits for TNF-α, IL-1β, IL-8, MMP-1, MMP-3, MMP-13, ADAMTS-4, and ADAMTS-5 were purchased from R&D Systems and used in accordance with the manufacturer's instructions. The final values of the reaction results were extrapolated from the standard curve using a variable slope. The resulting data are presented as fold-changes using the non-treated group as a baseline.

Western Blot Analysis {#S0002-S2004}
---------------------

After the indicated treatment, 4--6 million cells were lysed using RIPA buffer supplemented with protease inhibitor cocktail. Then, a total of 20 μg cell lysates was loaded onto 4--20% precasted polyacrylamide gel electrophoresis (PAGE) gel to separate the proteins according to size. The separated protein mix was then transferred onto polyvinylidene fluoride (PVDF) membranes and the corresponding protein levels were detected using their specific antibodies. The membranes were incubated overnight with primary antibodies at 4 °C, and then washed and incubated with HRP-conjugated secondary antibodies for 1 h. HRP substrate was added to detect the resulting protein signals which were visualized using Image J software.

4-Amino-5-Methylamino-2′,7′-Difluorofluorescein Diacetate (DAF-FM DA) Staining {#S0002-S2005}
------------------------------------------------------------------------------

The intracellular production of NO was measured by performing a cellular staining experiment using the cell-permeable fluorescent probe DAF-FM DA (Thermo-Fisher Scientific, USA). Briefly, 10,000 cells were grown to full confluence on a 96-well plate, and then incubated with 5 µM DAF-FM DA probe for 10 min. The resulting fluorescent signals were visualized using a fluorescence microscope, with excitation at 495 nm and emission detection at 515 nm.

Luciferase Activity of NF-κB {#S0002-S2006}
----------------------------

The NF-κB bind sites containing firefly luciferase vector were used to evaluate the transcriptional activity of NF-κB. Briefly, the cells were co-transfected with NF-κB promoter and a renilla luciferase promoter using Lipofectamine 3000 reagent from Invitrogen (cat \# 11668027) in accordance with the manufacturer's instructions. After the indicated treatment, the total cell lysates were collected and the dual luciferase activity of renilla and firefly luciferase was measured. The relative luciferase activity was calculated by normalizing the firefly luciferase activity to that of renilla luciferase.

Statistical Analysis {#S0002-S2007}
--------------------

All experimental data are presented as means ± S.E.M. in this study The statistical significance of differences was measured using one-way analysis of variance (ANOVA) followed by Bonferroni's post hoc test. A value of P\<0.05 was considered statistically significant.

Results {#S0003}
=======

Measuring the Production of Pro-Inflammatory Cytokines {#S0003-S2001}
------------------------------------------------------

Proinflammatory TNF-α, IL-8, and IL-1β are known to play a key role in the development of OA. Therefore, we tested the effects of lentinan on the production of these cytokines in AGE-induced chondrocytes. Firstly, we investigated the expression of TNF-α, as shown in [Figure 1A](#F0001){ref-type="fig"}. The mRNA level of TNF-α increased to 3.9-fold with AGE treatment alone and the secretion of TNF-α was upregulated to 792.3 from 123.5 pg/mL at baseline ([Figure 1D](#F0001){ref-type="fig"}). However, in the presence of the two doses of lentinan, AGE stimulation increased the mRNA level of TNF-α to 2.8- and 2.2-fold and the secretion of TNF-α to 568.2 and 432.5 pg/mL ([Figure 1D](#F0001){ref-type="fig"}), respectively. Secondly, we turned to the mRNA level and secretion of IL-8. When the two doses of lentinan were added, AGEs increased the mRNA level of IL-8 to 3.4- and 2.5-fold, compared with 4.6-fold upon AGE stimulation alone ([Figure 1B](#F0001){ref-type="fig"}). Furthermore, AGEs alone increased the secretion of IL-8 to 1544.3 pg/mL, but its secretion was decreased to 1192.6 and 878.6 pg/mL when exposed to the two doses of lentinan ([Figure 1E](#F0001){ref-type="fig"}). Similarly, the mRNA level of IL-1β was significantly suppressed to 2.6- and 1.9-fold by the two doses of lentinan from 3.6-fold with AGE treatment alone ([Figure 1C](#F0001){ref-type="fig"}), the secretion of IL-1β was reduced from 1099.5 to 781.5 pg/mL and 623.6 pg/mL by lentinan, respectively ([Figure 1F](#F0001){ref-type="fig"}).Figure 1Lentinan reduced AGE-induced expression of TNF-α, IL-8, and IL-1β in human SW1353 chondrocytes. Cells were stimulated with 100 μg/mL AGEs with or without lentinan (250 and 500 µg/mL) for 24 h. (**A**) mRNA of TNF-α; (**B**) mRNA of IL-8; (**C**) mRNA of IL-1β; (**D**) Secretion of TNF-α as measured by ELISA; (**E**) Secretion of IL-8 as measured by ELISA; (**F**) Secretion of IL-1β as measured by ELISA (\*\*\*\*P\<0.0001 vs vehicle group; \#, \#\#, \#\#\#\#, P\<0.05, 0.01, 0.0001 vs AGEs treatment group, n=4-5).

The Expression of Matrix Metalloproteinases {#S0003-S2002}
-------------------------------------------

To determine the impact of lentinan on the expression of MMPs, which play a major role in the degradation of type II collagen, the mRNA and protein levels of MMP-1, MMP-3, and MMP-13 were measured. As the results in [Figure 2A](#F0002){ref-type="fig"} show, the mRNA levels of MMP-1, MMP-3, and MMP-13 significantly increased to 3.7-, 3.3-, and 4.7-fold by AGE treatment alone, respectively. However, 250 µg/mL lentinan reduced the mRNA levels of these three factors to 2.6-, 2.4-, and 3.2-fold, respectively. Furthermore, 500 µg/mL lentinan significantly reduced them to 1.5-, 1.6-, and 1.9-fold. Congruously, as shown in [Figure 2B](#F0002){ref-type="fig"}, the results of ELISA analysis show that AGE treatment increased the protein levels of MMP-1, MMP-3, and MMP-13 from 125.7, 93.7, and 143.6 pg/mL to 493.4, 552.3, and 666.9 pg/mL. Meanwhile, the two doses of lentinan reduced the protein level of MMP-1 to 325.6 and 228.7 pg/mL, MMP-3 to 381.2, 299.5 pg/mL, and MMP-13 to 481.2, 333.5 pg/mL, respectively. Taken together, these findings imply that lentinan has a strong inhibitory effect on the expression of MMPs.Figure 2Lentinan suppressed AGE-induced expression of MMP-1, MMP-3, and MMP-13 in human SW1353 chondrocytes. Cells were stimulated with 100 μg/mL AGEs with or without lentinan (250 and 500 µg/mL) for 24 h. (**A**) mRNA levels of MMP-1, MMP-3, and MMP-13; (**B**) Protein levels of MMP-1, MMP-3, and MMP-13 as measured by ELISA (\*\*\*\*, P\<0.0001 vs vehicle group; \#, \#\#, \#\#\#\#, P\<0.05, 0.01, 0.0001 vs AGEs treatment group, n=3-4).

Expression Changes of ADAMTS-4 and ADAMTS-5 {#S0003-S2003}
-------------------------------------------

As ADAMTS plays a major role in aggrecan degeneration, we investigated the effect of lentinan on the expression of ADAMTS-4 and ADAMTS-5. The results in [Figure 3A](#F0003){ref-type="fig"} show that the mRNA levels of ADAMTS-4 and ADAMTS-5 were significantly enhanced to 3.7-and 3.4-fold by exposure to AGEs alone, while 250 µg/mL lentinan showed an inhibitive effect on these two enzymes, reducing their mRNA expression to 2.6- and 2.2-fold, and 500 µg/mL lentinan further reduced them to 1.8- and 1.6-fold. Congruously, AGE treatment enhanced the protein levels of ADAMTS-4 and ADAMTS-5 to 582.4 and 668.9 pg/mL, while 250 µg/mL lentinan was able to decrease them to 391.3 and 492.1 pg/mL, respectively. In addition, 500 µg/mL lentinan further decreased the protein levels of ADAMTS-4 and ADAMTS-5 to 278.5 and 335.6 pg/mL, as shown in [Figure 3B](#F0003){ref-type="fig"}. Our data reveal that lentinan suppresses the expression of ADAMTS-4 and ADAMTS-5 at both the mRNA and protein levels.Figure 3Lentinan inhibited AGE-induced expression of ADAMTS-4 and ADAMTS-5 in human SW1353 chondrocytes. Cells were stimulated with 100 μg/mL AGEs with or without lentinan (250 and 500 µg/mL) for 24 h. (**A**) mRNA of ADAMTS-4 and ADAMTS-5; (**B**) Protein of ADAMTS-4 and ADAMTS-5 as measured by ELISA (\*\*\*\*, P\<0.0001 vs vehicle group; \#\#, \#\#\#\#, P\<0.01, 0.0001 vs AGEs treatment group, n=3-4).

Expression Changes of COX-2 and PGE~2~ {#S0003-S2004}
--------------------------------------

The results in [Figure 4A](#F0004){ref-type="fig"} shows that lentinan reduced the mRNA level of COX-2 to 2.8- and 1.6-fold, compared with 4.1-fold via exposure to AGEs alone, in a concentration-dependent manner. In addition, the results of Western blot analysis in [Figure 4B](#F0004){ref-type="fig"} reveal that the two doses of lentinan significantly decreased the protein levels of COX-2 to 2.4- and 1.6-fold, compared to 3.5-fold with AGE treatment alone. For the production of PGE~2~, the baseline of the protein level of PGE~2~ was 88.8 pg/mL, and the addition of AGEs enhanced it to 462.3 pg/mL. However, two doses of lentinan were able to reduce the protein level of PGE~2~ to 325.8 and 256.7 pg/mL, respectively ([Figure 4C](#F0004){ref-type="fig"}).Figure 4Lentinan prevented AGE-induced COX-2 expression and PGE~2~ generation. Cells were stimulated with 100 μg/mL AGEs with or without lentinan (250 and 500 µg/mL) for 24 h. (**A**) mRNA of COX-2; (**B**) Protein of COX-2 as measured by Western blot analysis; (**C**) Production of PGE~2~ (\*\*\*\*, P\<0.0001 vs vehicle group; \#\#, \#\#\#\#, P\<0.01, 0.0001 vs AGEs treatment group, n=4-5).

Expression of iNOS and Production of NO {#S0003-S2005}
---------------------------------------

In order to determine the effect of lentinan on the expression of iNOS and the generation of NO, Western blot analysis and DAF-FM staining approaches were employed. The results in [Figure 5A](#F0005){ref-type="fig"} show that stimulation with AGEs upregulated the mRNA level of iNOS to 3.1-fold from baseline, while 250 µg/mL lentinan reduced it to 2.7-fold, and 500 µg/mL lentinan further reduced the mRNA level of iNOS to 2.1-fold. As for the protein level of iNOS, the data in [Figure 5B](#F0005){ref-type="fig"} reveal that the two doses of lentinan decreased the iNOS protein level to 2.1- and 1.3-fold, respectively, as compared to the exposure to AGEs alone. The results of DAF-FM staining in [Figure 5C](#F0005){ref-type="fig"} show that the two doses of lentinan significantly downregulated the protein level of NO to 2.4- and 1.6-fold, respectively, as opposed to the increase to 3.4-fold induced by AGE treatment alone.Figure 5Lentinan inhibited AGE-induced iNOS expression and production of NO. Cells were stimulated with 100 μg/mL AGEs with or without lentinan (250 and 500 µg/mL) for 24 h. (**A**) mRNA of iNOS; (**B**) Protein of iNOS as measured by Western blot analysis; (**C**) Production of NO as measured by DAF-FM staining (\*\*\*\*, P\<0.0001 vs vehicle group; \#, \#\#, \#\#\#\#, P\<0.05, 0.01, 0.0001 vs AGEs treatment group, n=4-5).

Activation of P38 {#S0003-S2006}
-----------------

In order to test whether lentinan affects the activation of the p38/MAPK pathway, the phosphorylation of p38 (p-p38) was tested. As shown in [Figure 6](#F0006){ref-type="fig"}, the level of p-p38 was significantly increased to 3.8-fold upon exposure to AGEs alone, while the two doses of lentinan reduced the level of p-p38 to 2.6-and 1.5-fold, respectively. These results reveal that lentinan has a potent inhibitory effect on the activation of p38.Figure 6Lentinan inhibited AGE-induced activation of p38. Cells were stimulated with 100 μg/mL AGEs with or without lentinan (250 and 500 µg/mL) for 2 h. Phosphorylated and total levels of p38 were measured (\*\*\*\*, P\<0.0001 vs vehicle group; \#\#, \#\#\#\#, P\<0.01, 0.0001 vs AGEs treatment group, n=4-5).

Phosphorylation and Degradation of IκBα {#S0003-S2007}
---------------------------------------

It is well documented that the phosphorylation and degradation of IκBα is a trigger for the activation of the NF-κB signaling pathway. Our data in [Figure 7](#F0007){ref-type="fig"} show that AGEs increased the phosphorylated level of IκBα (p-IκBα) to 3.2-fold, while the two doses of lentinan reduced the level of p-IκBα to 2.1- and 1.2-fold, respectively. On the contrary, AGE treatment suppressed the total level of IκBα to 34% of that of baseline. However, 250 µg/mL lentinan significantly increased the total level of IκBα to 69% of that of base line, while 500 µg/mL lentinan recovered 98% IκBα level.Figure 7Lentinan inhibited AGE-induced phosphorylation and degradation of IκBα. Cells were stimulated with 100 μg/mL AGEs with or without lentinan (250 and 500 µg/mL) for 2 h. Phosphorylated and total levels of IκBα were measured by Western blot analysis (\*\*\*\*, P\<0.0001 vs vehicle group; \#\#, \#\#\#\#, P\<0.01, 0.0001 vs AGEs treatment group, n=4-5).

The Effects of Lentinan on AGE-Induced NF-κB Activation {#S0003-S2008}
-------------------------------------------------------

As the phosphorylation and degradation of IκBα is a hallmark of NF-κB activity, we measured the nuclear translocation and luciferase activity of NF-κB promoter. The results in [Figure 8A](#F0008){ref-type="fig"} reveal that the two doses of lentinan reduced the nuclear translocation of NF-κB to 2.7- and 1.7-fold, respectively, as compared with 3.8-fold upon exposure to AGEs alone. The luciferase activity of NF-κB was induced to 123.5-fold by AGEs, which was ameliorated to 78.2- and 57.3-fold by lentinan in a dose-dependent manner, respectively ([Figure 8B](#F0008){ref-type="fig"}).Figure 8Lentinan inhibited AGE-induced activation of NF-κB. Cells were stimulated with 100 μg/mL AGEs with or without lentinan (250 and 500 µg/mL) for 2 h. (**A**) Nuclear translocation of NF-κB; (**B**) Luciferase activity of NF-κB (\*\*\*\*, P\<0.0001 vs vehicle group; \#\#, \#\#\#\#, P\<0.01, 0.0001 vs AGEs treatment group, n=4-5).

Discussion {#S0004}
==========

OA is a degenerative joint disease afflicting millions of people worldwide, primarily those over the age of 65.[@CIT0025] As cartilage degradation is a hallmark of the inflammatory process of OA, the inhibition of inflammatory factors that promote cartilage degradation has been shown to be an effective target for the treatment of OA. Although a large number of studies have proposed treatments for this disease, a safe and therapeutic strategy is still urgently needed. Lentinan, a polysaccharide derived from Lentinus edodes, has shown protective properties in inflammatory skin diseases,[@CIT0026] inflammatory bowel disease,[@CIT0027] and different cancers.[@CIT0028] In the present study, we employed lentinan to antagonize inflammation induced by AGEs in human chondrocytes. This is the first time the effect of lentinan in AGE-challenged chondrocytes has been measured. The results show that lentinan significantly suppresses the inflammatory response in chondrocytes.

When binding with RAGE, AGEs accumulate in the joints. The resulting excessive levels of AGEs stimulate chondrocytes to release various pro-inflammatory cytokines and chemokines such as IL-1β, TNF-α, and IL-8, which play a critical role in the progression of OA.[@CIT0029]--[@CIT0031] IL-1β and TNF-α have been demonstrated to upregulate the expression of ADAMTS and MMPs, especially MMP-1, MMP-3, and MMP-13, in chondrocytes.[@CIT0031],[@CIT0032] IL-8 plays a vital role in OA by attracting neutrophils and monocytes to promote an inflammatory response in chondrocytes.[@CIT0033],[@CIT0034] COX-2 and iNOS are two primary regulatory enzymes involved in various inflammatory responses that work by modulating the production of PGE~2~ and NO, which are responsible for the development of inflammation. Furthermore, studies have reported that PGE~2~ and NO contribute to articular inflammation and destruction by increasing MMP activity and production.[@CIT0035],[@CIT0036] Lentinan, as a biological response modifier, has been proven to be safe and effective as a treatment and adjunctive therapy for inflammatory diseases.[@CIT0023],[@CIT0024] In our study, lentinan treatment significantly inhibited the expression of pro-inflammatory cytokines and chemokines, including IL-1β, TNF-α, IL-8, PGE~2~, and NO. These results reveal that lentinan exerts anti-inflammatory effects in AGE-induced chondrocytes. In addition, as overexpression of pro-inflammatory cytokines and chemokines exists in various inflammatory diseases and promotes their progression and development, lentinan has the potential for applications in other related fields.

MMPs and ADAMTS are the primary hydrolytic proteinases involved in the destruction of the cartilage matrix in AGE-induced chondrocytes.[@CIT0037],[@CIT0038] Research has found that high expression of MMPs and ADAMTS, including MMP-1, MMP-3, MMP-13, ADAMTS-4, and ADAMTS-5, in chondrocytes induces the destruction of the cartilage matrix. On the other hand, the degraded products further promote the deterioration of the cartilage matrix, forming a vicious circle that accelerates cartilage matrix breakdown.[@CIT0039] Multiple studies have revealed that the production of MMPs and ADAMTS is modulated by the expression of pro-inflammatory cytokines and chemokines.[@CIT0035],[@CIT0036] In our study, AGE treatment significantly increased the production of MMPs and ADAMTS in chondrocytes. However, a disadvantage of this experiment is not being able to differentiate whether AGE treatment enhances the production of MMPs and ADAMTS directly or whether this occurs as an indirect result of the increase in the expression of pro-inflammatory cytokines. Regarding this, we speculate that lentinan might suppress the expression of MMPs and ADAMTS in a direct or indirect way. More research is required to demonstrate the inhibitory effect of lentinan on the expression of MMPs and ADAMTS. Our study suggests that lentinan has the potential to maintain the integrity of the cartilage matrix.

The NF-κB signaling pathway plays a vital role in the progression and development of inflammatory diseases. In OA, the NF-κB pathway has been proven to modulate the inflammatory response, production of cytokines, and degradation of the cartilage matrix.[@CIT0040] Under normal conditions, NF-κB is maintained in its inactive state in the cytoplasm by IκBα, a type of inhibitory protein. However, AGE stimulation leads to the activation of the p38/MAPK pathway and the phosphorylation of IκBα, resulting in nuclear translocation of p65 and the activation of NF-κB.[@CIT0041] When activated, NF-κB upregulates the production of various of cytokines and chemokines such as IL-1β, TNF-α, PGE~2~, and NO. These factors not only contribute to the development of the inflammatory response in OA chondrocytes, but also leads to the expression of MMPs and ADAMTS, which are responsible for the breakdown of the cartilage matrix. Our research provides evidence that lentinan inhibits the activation of the p38/MAPK pathway, thereby preventing IκBα from undergoing phosphorylation and degradation. Therefore, lentinan treatment modulates the activation of the NF-κB signaling pathway in a dose-dependent manner.

In this study, we reported that 250--500 µg/mL of lentinan displays a protective effect against AGE- induced inflammation and the expression of matrix-degrading enzymes in human SW1353 chondrocytes. Consistently, 250--500 µg/mL lentinan has been shown to suppress inflammasome activation in bone marrow-derived macrophages.[@CIT0023] Additionally, 500 µg/mL lentinan has displayed an anti-inflammatory capacity by inhibiting the expression of TNFR1 and IL-8 in Caco-2 cells.[@CIT0024] Interestingly, several studies have used varied doses of chondroitin sulfate (CS) in cultured chondrocytes. For example, 10--25 μg/mL CS is shown to be responsive for extracellular matrix metabolism.[@CIT0042],[@CIT0043] At high doses, 200 μg/mL CS has been shown to suppress cytokine-induced chondrocyte activation.[@CIT0044],[@CIT0045] Based on these facts, we recognize that both lentinan and CS could be effective at doses of 100--200 μg/mL in vitro. Importantly, previous studies have shown that CS treatment could promote the synthesis of ECM[@CIT0042] and exhibit anti-inflammatory effects in cultured chondrocytes.[@CIT0046],[@CIT0047] CS also suppresses NF-κB accumulation in the nucleus.[@CIT0048] We showed that lentinan suppresses AGE-induced expression of inflammatory cytokines, matrix metalloproteinases (MMPs), and the activation of NF-κB in chondrocytes. Therefore, we speculate that lentinan might have a comparable beneficial effect to CS. Based on the published studies on CS, it is typically administered orally at doses ranging from 800 to 1200 mg/day. Previous work has shown that at 2 hour following oral administration, plasma levels of CS can reach 0.6--10 µg/mL.[@CIT0049] However, other studies have administered lentinan via intraperitoneal injection. Compared to CS (molecular weight: 10--40 kDa), 500 kDa lentinan is a much larger polysaccharide, which makes it difficult to pass through the semi-permeable synovial membrane. Thus, the oral administration of lentinan could be long-term goal for investigation.

There are several limitations to the current study. Firstly, we investigated the effects of lentinan in human SW1353 chondrosarcoma cells but not in human primary chondrocytes. Investigation of primary chondrocytes is limited by a lack of a sufficient number of chondrocytes from operative procedures and the fact that after isolation, the biological and functional characteristics of primary chondrocytes differ considerably between donors and preparations \[51\]. Therefore, human SW1353 cells are widely used as a substitute for primary chondrocytes \[52\]. It should be noted that SW1353 cells exhibit only a limited chondrocytic phenotype in line with previous reports showing an epithelial phenotype of SW1353 cells after long-term culture \[53\]. Secondly, the pathological mechanisms of osteoarthritis are complicated. In addition to AGEs, there are a variety of toxins such as IL-1β that are associated with the progression and development of OA. Therefore, future in vivo studies using ideal animal models are necessary to clarify the beneficial effects of lentinan in OA.

In conclusion, this study demonstrates the protective effects of lentinan in AGE-induced chondrocytes by inhibiting the production of pro-inflammatory cytokines and chemokines such as IL-1β, TNF-α, IL-8, PGE~2,~ and NO, suppressing the expression of regulatory enzymes including COX-2 and iNOS, and downregulating the expression of hydrolytic enzymes via the modulation of NF-κB signaling by suppressing the phosphorylation of p38 and the phosphorylation and degradation of IκBα ([Figure 9](#F0009){ref-type="fig"}). These findings suggest that lentinan may be effective in the treatment of chondrocyte-based inflammation in OA.Figure 9A representative schematic of the molecular mechanisms.

Ethics Statement {#S0005}
================

The chondrosarcoma SW1353 cells used in all experiments were purchased from ATCC. All experiments were approved by the ethics committee of Henan Provincial Orthopedic Hospital.

Disclosure {#S0006}
==========

The authors report no conflicts of interest in this work.
